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NATIONAL ADVISORY COMMITTEE FOB AERONAUTICS 

RESEARCH MEMORANDUM 

FUEL TESTS ON AN 1-16 JET-PBOPULSION ENGINE 

AT STATIC SEA-LEVEL CONDITIONS 

By Bay E. Bolz and John B. Meigs 

SUMMABY 

The effect of fue? composition and belling point on the per- 
formance of the type 1-16 Jet-proruloion engine was Investigated. 

Tests were node on 14 fuels embodying different types of 
hydrocarbon and having boiling nolnts lylnj within the range of 
1509 to 650° F. Each fuel was tested In an 1-16 engine at e^tlc 
sea-level conditions at 13 rctor speeds varying from 11,000 to 
16,600 r\w.    P-jrfjraanco was based on speed., thrust, fuel flow, air 
flow, tail-pipe temporal, re and pressure, and temperature rise and 
pressure droi, across the combustion chamber. 

The results show that for tfip 1-16 engine tested at static sea- 
level conditions: • 

Fuel composition and boiling range have a negligible effect 
upon englno thrust, rotor speed, and gas temperatures for the prin- 
cipal types of hydrocarbon fuel when usod for short periods of time. 
The effect of fuel types on the performance and reliability of the 
engine over long «r!ods of operation was net determined. Operation 
of the engine using fuels containing very high percentages of aro- 
matlcs and olofins resulted in visible black smoke In the exhaust 
gases. The smoke from the aromatlcs was much mere dense than that 
resulting from the oleflnlc fuel. 

INTRODUCTION 

A program to investigate the effect of fuel composition and 
volatility on Jet-propulslon-englne performance and to obtain data 
that may be useful for establishing effective Jet fuel specifications 
la being conducted at the NACA Cleveland laboratory. As part of 
this program, 14 fuels were Investigated Including hydrocarbons of 
the paraffin, nuphthone, aromatic and olefin classes. The fuels 

RESTRICTED 

I 



2 NACA RM No.  E7B01 

were also oelected to represent e wide boiling rang*, ISO0 to 650° F, 
in order that tiie effect of boll ins point as well as fuel composition 
on the ier"-.r!aanoe of the 1-16 engine at static sea-levei operation 
might be determined.    The selection of fuels was llBlted by the 
necessity of choosing only fuels readily obtainable In sufficient 
quantity.    Performance was based on engine thrust,  fuel flow, air flow, 
tail-pipe temperature,  ta'1-olpe pressure,  temperature r.'se across the 
combustion chnr.ber,  and pressure drop across tV> combustion chamber. 
The effect of tne fiels en engine life, eng'ue starting performance, 
and carbon demos'ts was not investigated. 

mniinjii 
The general aRW)0MMtt of the  enst-englne installation in the 

test ceZl is sirjvn in i"igire 1.    The I-1S Jet-propulsion engine,  tail 
pipe,  and nozzlt- wi r'sidly moi'r.ted or. a floating frumework sus- 
pended i'rja tne ctll'.ag of t.ic test ceil by fjar rods connected to bill- 
bearing iivecs.    Four guide riliers were   .sod ..o restrain laterul 
motion of the ?icatli.g frac*.- usnombiy.    T:.c    ail pi:* of the engine 
extended thro.:£,h   A.-:  test Mil.    A seal   '.n the wall of the test Cull 
minimized uir leaka^-  Into the room without restricting the longi- 
tudinal movement of UM assembly.    All fuel lines and manometer leads 
were Joined to tbs engine by r.;bber-hoee con::&-:tions to prov-.de flexi- 
bility. 

The test cell  Itself wa3 a large reasonably airtight cnaaber. 
The air supply to the engine entered the t«.st   chamber ttlTTmgtl an 
lJ-lnch A.£J.M.£.  otundiird MtTlnj r.ozzlu.    The air leakage  into t:.e 
cell was measured i:id   laolntefl'   In the calculations of the air flow 
to the er.jine. 

Figure 1 also shirks tbfl mechanism fsr measuring static thrust. 
In this instrument, the *-hr.ot exerted by the sis;ended engine was 
transferred by t.'.c crunk-lever arrangement to a diaphragm in on air 
chamber.    The thrust was ir.di?atid by a manometer connected to the 
air chamber and the .'ian meter readings were converged Into pounds 
thr-iot by means   ft a d. ud-weight calibration of the thrust outer. 

A rotameter was used for measuring rate of fuel fljw and was 
calibrated for each ."uul  iest>d.    A enronometric tachr.oeter laeasjred 
tiie rotor speed and Fourdo:   gjge-c ii»dlca\.td iubricating-oil pressures, 
fuel-supply pressure, n.id .'uel-nezzle  pressure. 

The location of the thermocouples and pressure tubes in the 1-16 
engine is shown in figure 2.    Iron-censtantan thtrraocjupj.es were distri- 
buted around the front and rear compressjr Inlets and thermocouples 
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wort) placed In the compressor-outlet elbows leading to combustion 
chambers 4 and 9.    Seven shielded total-pressure tubes In the expan- 
sion Joint Just bride of the compressor outlet gave a survey of the 
total pressure of the air entering the cvrabustIon chamber.    Three 
total-pressure tubes (fig. 3(a)) and three shielded thermocouples 
(fig. 4(a)) were installed In the exit of combustion chambers 4 and 
9.   An integrating tctal-prossure rake (f'g. 3(b)) and seven shielded 
thermocuujles (fig. 4(b)),  both In an equal-area traverse,  were 
placed la the tall pip* at the nozzle entrance.    The thermocouples 
"sed In the h.'gh-temperature and h.'gh-velocity gas streams were 
designed to minimize radiation and conduction losses.    No attempt 
has been made-,  however,  to •jomper.sate for tjje Inability of the 
thermocouples to convert 100 percent of thi? kinetic energy of the 
;jao<.s Into thermal enert^'. 

FUELS 

Data on physical pro.^ertlefl and approximate chemical composition 
of the toot fuels are given In table I.    Solvent 1 and solvent 2 
are two commercial hydrocarbon solvents that correspond roughly 
to two keroser.e cits w'th toe aromat.'c hydrec«rbo:.s removed.    Hot- 
acld octane, diieobutylene, mothylcyclchexane, and benzene are rep- 
resentattveu of the four goneral classes of hydrocarbons boiling In 
the gasoline rar.ge.    Benzene, xyleno,   c imene,  and solvent 3 ( a com- 
mercial van;'sh solvent) are aromatljs with different boll'.ng ranges 
tram 170° to 40e° F.    Hastings naphtha and Wood Hlver olefinlc stock 
MM rich In iiaphthunea and oloflns, respectively. 

TEST PROCEDURE 

The standard test f..r each of tne 14 fuels consisted of runs at 
10 consecutively increasing s;veis ranging frou 11,000 to 16,500 rpm, 
which Is thu rated s;>eed of the rotor.    The speed of 11,000 rpm was 
selected becauso it was thu lowest speed at which the necessary 
fuel-manifold pressure could be obtained.    About 20 minutes wore 
required for each tost. 

Three check runs at decreasing spueda were also made for each 
fuel.    A reference test was run each test day using solvent 1 from a 
single bate]:.    These reference tests Indicate that there was no 
change In engine operation from day to day other than the normal 
experimental deviation, which averaged about 3 percent with a maxi- 
mum of about 5 percent. 
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R*,3UL2S AND DISCUSSION 

The performance data obtained in the fuel teats were all cor- 
rected to standard oea-level conditions at the undine inlet and the 
corrected values were used throughout in this paper. 

The over-all performance of the 1-16 Jet engine when operated 
at static condieiono and at sea level    a'-..;; the 14 foela Is shown 
in figures 5 to 9.    Figure 5 shows the me-is; red ti.rist exerted by 
the engine plotted against the heat  input per hour,   .hat, io,  the 
fuel flow multiplied by the lower heating val-e of the fuel.    The 
use of heat input Instead of fuel flow as fete basis for comparison 
eliminates heating value as a variable.    The res.ilts shown In fig- 
ure 5 indicate that the effect of litter fuel composition or boiling 
point on the performance of the engine a-'   static sea-level conditions 
is negligible.    The sprond of the datu (a mcjrlaua of about 6 pt-riont) 
cannot be attributed to the differences In fuels because the spread 
in the daily check curves for solvent 1  is of the safle magnitude. 
The solvent 1 check runs taisn over the entire test period are shown 
in figure 6. 

Figure 7    rts :-.• ci the rotor speed plotted a/jainst '*at Input 
for the 14 fuels.    This curve again indicate-8 thv negligible effect 
of fuel composition or bailing point on enclr.e performance.    The 
variation in those data is a maximum of 3 percent, which also checks 
the variation in the de.ta from the check r.ns on solvent 1 shown in 
figure S.    The spued duta ore more icesrate than -he thrust data 
because the  instruments for measuring aped art. more accurate. 

Engine calibration curves of speed against ti.r.ist and speed 
against  air flow plotted i'vr all the  fuels (fige.  9 and 10)  indicate 
that over fete period of the  invcatigatl.n the ung'nu characteristics 
were constant. 

Values of tail-pipe temperatures (fig. 11) and tctal pr-jss'ires 
(fig.  12) wore i-sed to calculate *:he engine thrust; a JS-per-ienS nozzle 
efficiency was assumed.    The values of the calculated thrust checked 
the values of the measured    hrust within 1 percent over the entire 
operating range and indicated good agreement among the thrust,  tem- 
perature,  and pressure measurements.    The data  In figures 11 and 12 
further s-'PiJort the rosult that no measurable difference in engine 
performance occurred for the fuels tested. 

Figure 13 shows both the  thrust specific fuel consumption and 
the fuel-air ratio for each fuel tested (corrected to a standnrd 
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heating valuo of 19,000 Btu/lb) plotted against the rotor speed. 
Each of these factors is a ratio of two measured quantities and as 
such Is subject to the combined error. 

The average temperature rise In two combustion chambers as 
determined by the chromel-alumel thermocouples (fig. 4(a)) In the 
turbine Inlet and the chamber Inlet Is shown In figure 14 for three 
fuels. The thermocouples In the turbine were difficult to maintain 
and for many of the rune one or two of the thrae thermocouples 
wore in peratlve. For the tests using the throe fuels shown plotted 
In figure 14, all throe thermocouples In the turbine entrance were 
operative. The data Indicate a vor;- high combustion efficiency 
(between 96 and 100 percent) over the run._> of fuel flow and con- 
comitant rotor speeds tested. The accuracy of the data depends on 
how well the temperature at the comb'.: stl;u:-chamber exit Is repre- 
sented by the three thermocouple readings taken. 

Figure U shows the combust Ion-chamber total-pressure drop In 
percentage of chamber-Inlet total Treasure to the chamber plotted 
against o •:•<,•!. The curve shows a constant percentage pressure drop 
with an Increr.se In engine speed, which, of course, moans that the 
press.ire of the air at the inlet to the combustion chamber Increased 
with speed at abo.'t the same rate as did the press uru loss in the 
chamber. This pressure less <s the sum of the frlctlonal pressure 
drop, whicli Incrtusoa with der.sl'.y -ind velocity, and the momentum 
pressure drop, which increaseo with Inlet velocity and fuel-air ratio. 

The variation of comb'.sticn-chamber inlet total pressure with 
rotor speed Is also shown in flgi-re 15. From this curve the pressure 
ratio of the compressor at an engine speed of 16,000 rpm was com- 
puted to bo 3.47. 

Observation of the exhaust gas during engine operation showed 
that only the use of aromatic fuels (benzene, xyl-.ne, cumene, and 
the highly aromatic solvent 3) and the olefinic fuel (dllsobutylene) 
resulted in heavy smoke in the oxha' St. The smoke formed from the 
aromatics was much more dense thun that formed from the olefinic 
fuel. Tests indicated that a minimum of kboat 30 percent aromatics 
In a nonaroraatic fuel was necessary to cause traces of visible smoke. 
The smoking teiidoncy of fuels discussed had no effect on the thrust 
or efflciencj of ths. engine during the short tests of approximately 
20 minutes. 
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SIMMSY OF RESULTS 

The data show that for the 1-16 Jet-propulsion engine tested 
with 14 different fuels at static sea-level conditions: 

1. Fuel composition and boiling range had a negligible effect 
upon engine thrust, rotor a .red, and gas temperatures for tiie prin- 
cipal types of hydrocarbon fuel when used for short periods of tine. 
The effect of fuel types on the performance and reliability of the 
engine over long periods of operation was not determined. 

2. Operation of the engine using f.iols containing very high 
percentages of aromatlcs and oiefins resulted in visible black smoke 
In the exhaust gescs. The smoke from the aromatlcs was much more 
dense than that resulting from the oloflnie fuel. 

Aircraft. Lngine Research laboratory. 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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Pleura 10. - Variation of air flow with rotor speed for dlffarant fuel* at atatle aaa-laval 
mndltlona.  1-16 Jat-propulalon enrflne.  Data eorraetad to atandard saa-laval condition*. 
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Figure if:. - Variation of tall-pipe total pressure filth heat input for different fuels 
at static sea-level conditions*  X-16 Jet-propulsion engine. Data corrected to stan- 
dard sea-level conditions. 
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Figure 13. - Variation or thrust spaclflc fuel consumption and of fual-alr ratio with rotor 
apo«d at static aoa-loval conditions for different fuels corroetad to a atandard lowar 
hostIn* v*luo of 19,0UJ Btu par pound.  1-16 Jot-propulsion angina.  Data oorractad to 
standard saa-laval condltlona. 
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